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studied by considering longitudinal slices of the dam parallel to the first prin-
cipal stresses.

Referring again to Fig. 12, let a-b represent a circular outlet opening and let
a view h-i of a portion of the face containing the opening be represented by
Fig. 13. The opening will be elliptical in this view. Consider a slab of unit
0                 thickness. The only stress is pi, acting

as shown. Stresses at c and d are com-
puted from Eq. 21 and at e and /
from Eq. 22.

At interior points, the slab may be
taken parallel to the first principal stress.
The second principal stress acting normal
to the face of the slab introduces an
additional variable. Because the critical
stresses occur at unloaded faces, the effect
of these stresses usually may be ignored
in the approximate solution.

(c) Reinforcement for tension. The de-
formation of steel under usual unit stresses
exceeds the tensile strain limit of concrete;
hence adding steel to take tension will not
eliminate cracking, but it should control
cracking and prevent its indefinite spread-
ing. The steel should be concentrated
as close to the face of the hole as con-
venient.

The total tension may be approximated by assuming the surface intensity,
Eq. 22 or 27, to reduce to zero in a distance equal to one-fourth the width of
the opening (see discussion of Fig. 11). On this basis the total tension is
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FIG. 13.   Downstream face view of
circular opening through dam.

T = 0.25TP*.,

[28]

where r is the radius of the circle or the half-width of the ellipse.

(d) Reinforcement for compression. The localized compressive stresses at
the sides of circular or elliptical openings in dams are frequently ignored.
However, where the principal stresses are high, as around an outlet tube at the
face of a high dam, reinforcement may be desirable. If it is assumed that steel
used for this purpose cannot be strained beyond the permissible strain limit for
concrete in compression, the working unit stress cannot exceed n times the
working stress of the concrete, where n is the ratio of the modulus of elasticity
for steel to that for concrete. Experience indicates that shrinkage and "flow"
of concrete appreciably increase the stress in the steel, and current specifica-
tions allow full stress value in longitudinal bars in columns.15 It may there-
fore be assumed permissible to use normal working stresses in compressive rein-
forcement around holes in dams.

15 Joint Committee Report, Proc. Am. Soc. Civil Engrs., June 1940, p. 71 (Sec. 857)